Volatile components in cape gooseberry fruit at ripe stage were collected using headspace-solid phase microextraction, and analyzed by gas chromatography-mass spectrometry. Three solid phase microextraction fiber coatings (DVB/CAR/PDMS, CAR/PDMS, and PDMS/DVB) were tested for evaluation of volatile compounds. DVB/CAR/PDMS fiber showed a strong extraction capacity for volatile compounds and produced the best result in case of total peak areas. A total of 133 volatile compounds were identified in fruit pulp; among them 1-hexanol (6.86%), eucalyptol (6.66%), ethyl butanoate (6.47%), ethyl octanoate (4.01%), ethyl decanoate (3.39%), 4-terpineol (3.27%), and 2-methyl-1-butanol (3.10%) were the major components in the sample extracts.
Introduction
Cape gooseberry (Physalis peruviana L.) is a cherry-sized, yellow-fleshed intriguing berry which was originally cultivated in the Andes. The round orange fruit is loosely enclosed in a papery husk which provides a natural wrapper for storing the fruit, as long as it is kept dry. Various species of the fruit have been subject to much confusion in the literature and in the trade. Physalis peruviana L. species which bears a superior fruit and has become widely known is commercially produced in Ecuador, South Africa, Kenya, Zimbabwe, Australia, New Zealand, Hawaii, India, Malaysia, Colombia, and China. Currently, the production of Cape gooseberry has expanded to tropical and subtropical countries such as the Caribbean and Colombia, the major producer [1] . In addition to being canned whole and preserved as jam, the Cape gooseberry is made into sauce, used in pies, puddings, chutneys, and ice cream, and eaten fresh in fruit salads and fruit cocktails. In Colombia, the fruits are stewed with honey and eaten as dessert [2, 3] .
Aroma and flavour are one of the most important attributes and quality criteria that affect the consumption of fruits, and both qualitative and quantitative information is desired for characterizing aroma producing compounds [4] . The study of flavour on a more analytical and scientific basis has been achieved by the development and application of modern analytical techniques. Solvent extraction is one of the most used techniques for the volatile compound isolation; however, it is generally accomplished at high temperatures or under reduced pressure, conditions that can destroy or alter some volatile flavor compounds and/or produce artifacts [5] . Recently, for the purposes of determining fruit aromas, the solid-phase microextraction (SPME) technique has been applied as an alternative sample preparation strategy, to overcome the problems associated with conventional sampling methodologies. In addition, the SPME procedure more closely reflects the true flavor profile of the fruits than those that might be generated by solvent extraction processes [6] .
Despite its importance, there are only few works regarding volatile composition [7, 8] and a natural precursor of cinnamic acid derived volatiles [9] of Cape gooseberry in the literature. To the best of my knowledge the flavouring components of Cape gooseberry fruit have not been determined by HS-SPME. The objective of this study was to analyze the volatiles of the fruit by HS-SPME extraction and to obtain more information about its flavour profile.
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The Scientific World Journal in Antalya, Turkey, in September 2010. The berries were individually quick frozen (IQF) and stored at −18 ∘ C until analysis. Compounds used as references were purchased from Sigma-Aldrich-Fluka (Milan, Italy), Merck (Darmstadt, Germany), and Extrasynthese (Genay, France). A C 8 -C 20 + C 20 -C 40 n-alkane mixture, used for determination of Kovats' retention indices, was obtained from Sigma-Aldrich (St. Louis, MO, USA).
Isolation of Volatile Components.
A method adapted from Pellati et al. [10] was used for HS-SPME. Three SPME fiber coatings, DVB/CAR/PDMS, CAR/PDMS, and PDMS-DVB, were screened to find the best coating for evaluation volatile compounds. A manual SPME device and fibers were obtained from the Supelco Company (Bellefonte, PA). Fibers were thermally conditioned in accordance with the manufacturer's recommendations before first use. 10 g of IQF fruits were thawed in a refrigerator (1 ∘ C). The sample was then pureed in a blender (turbo blender, Moulinex). A 0.5 g amount of cape gooseberry puree was hermetically sealed in a 15 mL screw top amber vial with a polypropylene hole cap and PTFE/silicone septa (Supelco, Bellefonte, PA, USA) and left to equilibrate 15 min in a temperature-controlled six-vial agitator tray at 40 ∘ C. Then, the SPME device was inserted into the sealed vial by manually penetrating the septum and the fiber was exposed to the fruit material headspace during the extraction time of 30 min. Following the sampling procedure, the SPME fiber was immediately inserted into the gas chromatograph (GC) splitless injection port (equipped with a 0.75 mm i.d. inlet liner) and thermally desorbed for 3 min at 250 ∘ C. Before each sampling procedure, fiber was reconditioned for 10 min in the injection port of gas chromatograph at 250 ∘ C. This reconditioning procedure was enough to guarantee no peaks in blank runs, and it was a good compromise between the chromatography runs and the extraction procedures. The extraction procedure was repeated three times for each type of fiber.
Gas Chromatography-Mass Spectrometry (GC-MS) Analyses.
All analyses were performed on a Shimadzu 2010 (Shimadzu, Kyoto, Japan) GC equipped with a MS-QP 2010 (Shimadzu, Kyoto, Japan) series mass selective detector. The GC was fitted with a TRB-Wax (Teknokroma, Barcelona, Spain) fused silica capillary column (60 m × 0.25 mm i.d. and 0.25 m film thickness). Helium was used as the carrier gas at a flow rate of 1 mL/min. The column was maintained at 40 ∘ C for 5 min after injection then programmed at 3 ∘ C/min to 240 ∘ C, which was maintained for 15 min. The total run time including oven cooling was 86 min. Injector, transfer line temperature, and ion-source temperatures were 250 ∘ C. All mass spectra were acquired in electron-impact (EI) mode; the ionization voltage was 70 eV; the mass range was 35-450 m/z; scanning rate was 1 scan/s. A mixture of n-alkanes (C 8 -C 20 + C 20 -C 40 ) was injected under the above temperature program to calculate the retention indexes (as Kovats' indexes, I) of each compound.
The peaks were identified by comparison of the obtained mass spectra of the relevant chromatographic peaks with spectra of the NIST (National Institute of Standards and Technology, Gaithersburg, MD, USA) and Wiley libraries. In addition, the compounds were tentatively identified by comparing the experimental retention indices with the theoretical ones, which were obtained from the NIST Standard Reference Database [11] . Peak enrichment on coinjection with authentic reference compounds was also carried out. The comparison of the MS fragmentation pattern with those of pure compounds and mass spectrum database search was performed using the MS spectral databases.
Results and Discussion

Screening of Fibers.
The extraction technique should be selected relative to the nature of sample matrix. In general, direct SPME is more sensitive than headspace SPME for analytes predominantly present in liquid. However, headspace SPME exhibits lower background than direct SPME, and is suitable for the extraction or more volatile analytes in most gaseous, liquid, and solid samples compounds [4] . Furthermore, headspace SPME sampling avoids interferences from nonvolatile matrix components and increases fiber life time [12] . On these grounds, headspace sampling technique was carried out to extract volatile compounds in this study. Three SPME fiber coatings, DVB/CAR/PDMS, CAR/ PDMS, and PDMS-DVB, were selected for evaluation of volatile compounds. A response based on the sum of the peak areas is one of the most frequently used parameters to optimize the SPME extraction conditions or to select a fiber coating [10] . Figure 1 shows the comparison of different fiber coatings. The results of the fiber screening confirmed that the DVB/CAR/PDMS fiber showed a strong extraction capacity for volatile compounds and produced the best result in case of total peak areas. Given the better profile shown by this coating, this fiber was selected for characterization of the volatile compounds of Cape gooseberry. Bicchi et al. [13] observed that the most effective fibres for HS-SPME were those characterized by two components: a liquid (PDMS) for the less polar compounds and a solid (DVB, CAR or both) polymeric coating for the more polar constituents. Figure 2 shows the total ion current (TIC) chromatogram of the HS-SPME volatile compounds of Cape gooseberry.
Volatile Compounds Identified in Cape Gooseberry.
The Scientific World Journal The peak numbers in the chromatogram corresponded to the tentatively identified compounds listed in Table 1 . In all, 133 different volatile compounds were identified and grouped in classes of substances, including 42 alcohols, 36 esters, 17 terpenes and derivatives, 13 aldehydes, 10 ketones, 4 lactones, 6 acids, and 5 oxides. In addition, terpene-derived aroma volatiles were grouped into several classes, for example, -cyclocitral and geranial in aldehydes, linalool and geraniol in alcohols, and -ionone and geranyl acetone in ketones.
Alcohols.
Alcohols were the most abundant volatile constituents which accounted for the largest proportion of the total volatiles (39.27%). 1-hexanol, followed by eucalyptol, and 4-terpineol were the alcohols found in highest concentration.
The origin of C 6 alcohols which is reported as an important contributor to the aroma of fresh (green and herbaceous notes), such as 1-hexanol, is related to the lipoxygenase activity [14] . This enzyme that occurs in plants, and, namely, in fruits, catalysis the oxidation of unsaturated fatty acids [15] , as a first step to the production of compounds such as the short chain alcohols. There are a group of terpenoid flavour volatile compounds which possess strong effects on the human appreciation. This very diverse group of compounds is presumably generated by an oxidative cleavage of the carotenoid (tetraterpenoids, C 40 ) molecule between the C 9 and C 10 positions, yielding apocarotenoids (also called norisoprenes) with 13 carbon atoms. Although other apocarotenoids of 9-20 carbon atoms are present in nature, only C 13 has been described to have an important role in some fruit flavours and in the scent of some flowers [16, 17] .
Esters.
The next most abundant compounds were esters comprising 38.52% of the total volatile components identified. Among these esters, ethyl butanoate, ethyl octanoate, and ethyl decanoate were the esters found in greatest concentration. Aliphatic esters contribute to the aroma of nearly all fruits and many other foods. Some are also responsible for the smell of a particular flower; however, many of these esters possess a nonspecific fruity odor.
As the number of carbon atoms increases, the odor changes to fatty soapy and even metallic. The straightchain ester constituents are believed to be synthesized via -oxidation of fatty acid, which may be then reduced to the corresponding alcohols before transesterification [18] . Alcohol acyltransferases are responsible for the transfer of alcohol to acyl-CoA, resulting in the synthesis of a wide range of esters [15, 19, 20] .
Terpenes and Derivatives.
Terpenes and derivatives are the next more abundant compounds comprising 7.31% of the volatile components determined. Among these, -terpinolene, -myrcene, and cymenene were detected at the highest levels. All terpenoids are derived by repetitive fusion of branched five carbon units based on isopentane skeleton. Many of them are volatile, as hemiterpenes (C 5 ), monoterpenes (C 10 ), sesquiterpenes (C 15 ), and even some diterpenes (C 20 ). Terpenes are derived either from mevalonate pathway, which is active in cytosol and starts from acetyl-CoA, or from methylerythritol-4-phosphate pathway, which is active in the plastids and starts from pyruvate and glyceraldehyde-3-phosphate [21] . On the other hand, the biosynthesis of some terpene derived compounds can be explained by catabolic pathways in fruits. These are primarily oxidative degradation products of the carotenoids. Carotenoid oxidation occurs when the plant tissue is damaged or during ripening [22] . Terpenes and their derivatives have been identified at varying levels in most of the soft fruits [23] , and they are responsible for the varietal character of the fruits being present, at least in part, as glycosides [15] . They were reported as volatile components responsible for a wide spectrum of aromas (woody, piney, turpentine-like, herbaceous, and terpy), mostly perceived as very pleasant [14, 15] .
3.2.4.
Aldehydes. Aldehydes represent 7.05% of the total volatile compounds. Benzaldehyde, hexanal, and -cyclocitral were the predominant aldehydes. In general, aldehydes are common in fruit flavours and are believed to play an important role in many fruits [24] . Fatty acids and amino acids are precursors of a great number of volatile aldehydes. Linoleic and linolenic acids in fruits and vegetables are subjected to oxidative degradation by lipoxygenase alone or in combination with a hydroperoxide lyase. The oxidative cleavage yields oxoacids, aldehydes, and allyl alcohols [15, 25] . The Scientific World Journal 
